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Abstract 
In this paper the effect of cerium addition in hypereutectic Al-Si alloys was studied. Casting method was used to produce Al-20Si 
with variation of Ce contents. The sample characterization studied was investigated by Optical Microscope, X-ray fluorescence 
and X-ray Diffraction. Vickers microhardness and wear test was carried out to study the influence of Ce towards the Al-20Si alloys. 
The addition of Ce in the Al-20Si alloys refined the Si primary phase as the Ce content increases. The results showed that the 
addition of 0.46 to 2.24 wt.% of cerium in Al-20Si alloys led to the formation of fine cells dispersed in the Al-matrix. These fine 
cells consist of a mixture of eutectic Si particles and intermetallic Al3Ce and CeAl1.2Si0.8 phase in Al matrix. The amount of rod-
like intermetallic Al3Ce and CeAl1.2Si0.8 phase increases with increasing Ce content. The microhardness of Al-20Si alloys increases 
with the increase in Ce content. Addition of Ce up to 1.61 wt.% Ce improve the wear properties of Al-20Si alloy. 
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1. Introduction 
Al-Si alloys have a wide potential in foundry industry especially for aerospace, automotive and military application 
due to their excellent mechanical properties. The mechanical properties of the alloys greatly depend on the size, shape 
and distribution of grains in the microstructure1. Kores et al. 2 have mentioned that the primary silicon phase led to 
crack initiation and fracture when in tension. This effect will highly influence the machinability, strength, extrudability 
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and ductility of the alloy. Hypereutectic alloys have more coarse primary Si content than eutectic and hypoeutectic 
alloys. The strength of the hypereutectic alloys decreased when the amount of Si content increases3. Finer primary Si 
phase is favorable for broader commercial applications4. 
Several researchers demonstrated that by adding rare earth metal will effectively modified and reduced the primary 
Si phases. There are also research have been reported that rare earth metals refined the primary Si phase in 
hypereutectic Al-20Si5. Srinivasan et al. 6 also have agreed with the previous statement. Many studies5,7,8 have been 
carried out in order to investigate the modification through addition of rare earth. In response to the statement above, 
a study is done to examine the potential of the rare earth metals as the modifying agent by adding cerium in Al-20Si 
alloy. 
The aim of the present work is to study the effect of Ce in modification of microstructure and enhance the properties 
of hypereutectic Al-20Si alloys.  
 
2. Experimental  
Casting method was used to produce Al-20Si-xCe alloys. In order to produce hypereutectic Al-20Si-xCe alloys, 
the main elements required were aluminium (Al), silicon (Si) and cerium (Ce). The Al, Si and Ce were weighed using 
an analytical weight balance based on the weight percentage as shown in Table 1. 
 
Table 1: Composition and weight of the alloying elements in the Al-20Si alloy samples 
 
Sample Al-20Si alloy Elements Composition  
(wt. %) 
Weight (g) 
1 Aluminium (Al) 
Silicon (Si) 
80 
20 
40.00 
10.00 
2 Aluminium (Al) 
Silicon (Si) 
Cerium (Ce) 
79 
20 
1 
102.70 
26.00 
1.30 
3 Aluminium (Al) 
Silicon (Si) 
Cerium (Ce) 
77 
20 
3 
59.03 
15.33 
2.30 
4 Aluminium (Al) 
Silicon (Si) 
Cerium (Ce) 
75 
20 
5 
46.20 
12.32 
3.08 
 
 
       The elements were then mixed and put into a graphite crucible. A small amount of degasser was also added into 
the graphite crucible. The crucible was placed in the furnace and the sample was melted in closed air at 850 °C for 30 
minutes at 25 °C/minute. The molten alloy was stirred at 835°C using a graphite stirrer to homogenize the molten 
mixture. The molten was then held for 30 minutes at 850°C. Then, the melt was poured into a Ø 12 mm × 80 mm steel 
cylinder mould. The sample was then solidified and cooled down in room temperature for 30 minutes. 
X-ray fluorescence (XRF) was carried out for all the Al-20Si alloy samples with different amount of Ce in order 
to determine the chemical composition of the elements in the samples after cast. The cast alloy samples underwent 
several stages of sample preparation for microstructural characterization of the Al-20Si alloy samples. The 
microstructures of the sample were revealed by chemical etching with Keller’s reagent and were examined using the 
optical microscope. 
X-ray Diffraction (XRD) analysis was carried by Bruker AXS D8 Advance instrument using Cu Kα radiation for 
identifying the presence of different phases in the Al-20Si alloy with Ce addition. Vickers hardness testing was 
performed at room temperature using 500 gf load and a dwell time of 15 seconds. To analyse the influence of cerium 
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towards the microhardness in Al-Si alloy Vickers hardness, minimum of three readings were taken on the well-
polished surface. Wear test was performed using pin on disc using Ducom TR 20 at sliding speed of 1 ms-1 with 30 N 
load at room temperature  
                                                                                                                                                                                                
3. Result and discussion 
3.1. Chemical composition 
Table 1 shows the result of the chemical compositions of the cast hypereutectic alloys containing Ce.  Ce was found 
in the range of 0.45 wt.% – 2.24 wt.% in the hypereutectic Al-Si alloy. This is due to low solubility of Ce in Al. A 
small amount of Fe and Zn also detected from the XRF analysis. This is might be due to existence of small amount of 
other elements in 99.99% purity of Al. Analysis done by other researchers showed that Fe and Zn existed in the 
99.99% ultrahigh-purity Al [9]. 
 
Table 2: Chemical compositions of the cast hypereutectic alloys 
Sample Composition (wt. %) 
 Al Si Fe Zn Ce 
Al- 20Si 79.6542 20.2987 0.0346 0.0125 0 
Al-20Si-1Ce 79.0243 20.4656 0.0345 0.0179 0.4577 
Al-20Si-3Ce 77.3887 20.9208 0.0629 0.0161 1.6115 
Al-20Si-5Ce 77.4928 20.1964 0.0492 0.0170 2.2446 
 
3.2. Microstructure and morphology 
Fig. 1 shows the microstructure of the cast hypereutectic Al-20Si alloys with addition of 0 – 2.24 wt.% Ce. 
Microstructure of cast hypereutectic Al-20Si alloys without addition of Ce (Fig. 1 (a)) contained dendritic structure 
of α-Al, eutectic structure of Al-Si and primary silicon. Based on the Fig. 1, primary Si in Al-20Si alloy was coarser 
as compared to primary Si in eutectic Al-Si alloy due to higher Si content. Similar observation was reported by 
Abramov et al. 10. However, lesser eutectic Al-Si and smaller α-Al dendrite cell size observed in Al-20Si alloy. 
Eutectic phase occurred as predicted from the Al-Si binary system.  
Silicon is a hard and brittle element as compared with soft and ductile Al. When the Al and Si were melted together, 
the soft Al that acts as matrix caused the formation of dendritic structure of α-Al. Some of the Si particles react with 
Al to form euctectic phase whereas some will remain as primary Si particles. Eutectic was the combination of Al and 
Si phase microstructure that resulted from nucleation during solidification 11. 
When Ce was added into the cast hypereutectic Al-20Si alloys, some of the Ce will dissolve in α-Al matrix and 
some will react with other elements in Al to form intermetallic compounds. Increasing amount of Ce added caused 
the needle-like intermetallic AlCeΎ phase and CeAl1.2Si0.8 phase became more coarsen. This was due to more 
consumption of Al atoms in forming the phases 12. Shorter dendrite length and cell size produced when the amount of 
alloying modifier increased 13. Addition of Ce changed the morphology of coarse eutectic to refine fibrous. The 
addition of Ce modified the eutectic silicon in hypereutectic Al-Si alloy. 
 
3.3. Phase analysis 
Phase analysis result for Al-20Si with addition of 0 and 2.24 wt.% of Ce are shown in Fig. 2 (a) & (b). Al and Si 
peaks existed in cast Al-20Si (Fig. 2a). AlCeΎ (ICDD No: 03-065-4455) and CeAl1.2Si0.8 phase (ICDD No: 01-089-
4722) were found after 2.24 wt.% of Ce was added. 
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Fig. 1. Optical micrographs of cast hypereutectic Al-Si alloys modified with addition of (a) 0 wt.% of Ce, (b) 0.46 wt.% Ce, 
(c) 1.61 wt.% Ce and (d) 2.24 wt.% Ce 
 
3.4. Phase analysis 
Phase analysis result for Al-20Si with addition of 0 and 2.24 wt.% of Ce are shown in Fig. 2 (a) & (b). Al and Si 
peaks existed in cast Al-20Si (Fig. 2a). AlCeΎ (ICDD No: 03-065-4455) and CeAl1.2Si0.8 phase (ICDD No: 01-089-
4722) were found after 2.24 wt.% of Ce was added. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The XRD patterns of Al-20Si alloy with (a) 0 and (b) 2.24 wt.% of Ce  
(c) (d) 
(b) (a) 
(b) (a) 
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3.5. Effect of Ce on microhardness of cast hypereutectic Al-20Si alloy 
Fig. 3 shows the result of Vickers microhardness for hypereutectic Al-20Si alloys with addition of 0 – 2.24 wt.% 
of Ce. Based on the Fig. 3, microhardness for cast Al-20Si without addition of Ce was 84.83 HV. The microhardness 
decreases to 75.47 HV when 0.46 wt.% of Ce was added. When 1.61 wt.% of Ce was added, a drastic increment 
(25.06%) of microhardness was observed. The microhardness decreased to 82.33 HV when 2.24 wt.% of Ce was 
added. 
 
 
Fig. 3. Vickers microhardness of cast hypereutectic Al-20Si alloys with Ce addition 
 
The addition of Ce towards microhardness was significant where the highest value was recorded when about 1.61 
wt.% of Ce was added. Kaur et al. [14] have discovered that addition of rare earth (RE) refined the microstructure and 
improves the hardness. However, Kores et al. [2] have investigated that higher Ce content (up to 4.5 wt.% Ce) does 
not refine the primary Si. Excess addition of RE decreased the refinement effect in primary silicon and eutectic silicon 
[15]. Formation of intermetallic compounds: AlΎCe, AlCeΎ and CeAl1.2Si0.8 caused a certain quantity of RE is 
consumed. The effectiveness of RE has been decreased due to this phenomenon [16]. 
 
 
3.6 Effect of Ce on wear properties of cast hypereutectic Al-20Si alloy  
 
Fig. 4 summarized the result of volume loss as a function of sliding distance for cast Al-20Si alloys with addition 
of 0 – 2.24 wt.% Ce. The volume loss of the cast hypereutectic alloys was found to increase linearly with the increase 
of sliding distance. This is due to more interaction between the sample and the wear track surface when the sliding 
distance increased [17]. 
 
Cast alloy have lower hardness as compared with the carbon steel track. The cast alloy deposit formed during 
sliding will stick on the wear track. At the same time, wear also happened on carbon steel wear track surface. However, 
the wear of the carbon steel wear track can be ignored due to small amount of deposit produced. When the sliding 
distance increased, the deposit formed will loosen and appeared as debris on the track surface. Moreover, greater wear 
observed when the sliding distance increased due to faster heat up between the interfaces of cast alloy and wear track 
surface [18]. 
 
Based on Fig. 3, the modified cast Al-20Si alloys with highest microhardness gave the lowest volume loss. 
Chandrashekharaiah and Kori19 have stated that the wear behavior of the cast alloys depended on several factors such 
as mechanical properties (hardness, ductility, plasticity), microstructure (shape, size, composition, type and atomic 
distribution), and other parameters such as sliding speed, load, temperature and type of wear track. The hardness of 
the cast alloys influenced the wear behavior during sliding20,21. 
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Fig. 4. Volume loss as a function of sliding distance for cast hypereutectic Al-20Si alloys with Ce addition 
 
4. Conclusion 
 
The results showed that the addition of cerium up to 2.24% in Al-20Si alloys led to the formation of fine cells 
dispersed in the Al-matrix. These fine cells consists of a mixture of eutectic Si particles and intermetallic Al3Ce and 
CeAl1.2Si0.8 phase in Al matrix. The amount of rod-like intermetallic Al3Ce and CeAl1.2Si0.8 phase increases with 
increasing Ce content. The microhardness of Al-20Si alloys increases with the increase in Ce content and the wear 
behaviour of hypereutectic Al-20Si improved with Ce addition. 
Acknowledgements 
The authors gratefully thank Universiti Sains Malaysia for providing the fund for this study. 
 
References 
1. S. Tzamtzis, H. Zhang, N. Hari Babu, and Z. Fan, “Microstructural refinement of AZ91D die-cast alloy by intensive shearing,” Mater. Sci. 
Eng. A, vol. 527, no. 12, pp. 2929–2934, 2010. 
2. D. Cerija, L. Zlitini, S. Kores, M. Von, B. Kosec, P. Mrvar, and J. Medved, “Effect Of Cerium Additions On The AlSi17 Casting Alloy,” 
Mater. Technol., vol. 44, no. 3, pp. 137–140, 2010. 
3. S. P. Nikanorov, M. P. Volkov, V. N. Gurin, Y. a. Burenkov, L. I. Derkachenko, B. K. Kardashev, L. L. Regel, and W. R. Wilcox, “Structural 
and mechanical properties of Al-Si alloys obtained by fast cooling of a levitated melt,” Mater. Sci. Eng. A, vol. 390, no. 1–2, pp. 63–69, 2005. 
4. J.W. Yeh, S.Y. Yuan, and C.H. Peng, “A reciprocating extrusion process for producing hypereutectic Al–20wt.% Si wrought alloys,” Mater. 
Sci. Eng. A, vol. 252, no. 2, pp. 212–221, 1998. 
0
10
20
30
40
50
60
0 200 400 600 800 1000
Vo
lu
m
e 
Lo
ss
 (m
m
³) 
×1
0⁻
³
Sliding Distance (m)
0 wt% Ce
0.46 wt% Ce
1.61 wt% Ce
2.24 wt% Ce
310   S.L. Joy Yii et al. /  Procedia Chemistry  19 ( 2016 )  304 – 310 
5. Kowata, T., Hoire, H., S. Hiratsuka, and A. Chida, “Influence of rare earth elements on refinement of primary silicon crystals in a hypereutectic 
Al-Si alloy,” Imono, no. 66, pp. 803–808, 1994. 
6. A. Srinivasan, U. T. S. Pillai, J. Swaminathan, S. K. Das, and B. C. Pai, “Observations of microstructural refinement in Mg-Al-Si alloys 
containing strontium,” J. Mater. Sci., vol. 41, no. 18, pp. 6087–6089, 2006. 
7. P. Xing, B. Gao, Y. Zhuang, K. Liu, and G. Tu, “On the modification of hypereutectic Al-Si alloys using rare earth Er,” Acta Metall. Sin. 
(English Lett., vol. 23, no. 5, pp. 327–333, 2010. 
8. J. Chang, I. Moon, and C. Choi, “Refinement of cast microstructure of hypereutectic Al-Si alloys through the addition of rare earth metals,” 
J. Mater. Sci., vol. 3, pp. 5015–5023, 1998. 
9. M. Kondo, H. Maeda, and M. Mizuguchi, “The production of high-purity aluminum in Japan,” Jom, vol. 42, no. 11, pp. 36–37, 1990. 
10. V. Abramov, O. Abramov, B. Straumal, and W. Gust, “Hypereutectic Al-Si based alloys with a thixotropic microstructure produced by 
ultrasonic treatment,” Mater. Des., vol. 18, no. 4–6, pp. 323–326, 1997. 
11. S. Cheng, Y. H. Zhao, Y. T. Zhu, and E. Ma, “Optimizing the strength and ductility of fine structured 2024 Al alloy by nano-precipitation,” 
Acta Mater., vol. 55, no. 17, pp. 5822–5832, 2007. 
12. A. S. Anasyida, A. R. Daud, and M. J. Ghazali, “Dry sliding wear behaviour of Al-12Si-4Mg alloy with cerium addition,” Mater. Des., vol. 
31, no. 1, pp. 365–374, 2010. 
13. L. Liu, A M. Samuel, F. H. Samuel, H. W. Doty, and S. Valtierra, “Characteristics of α-dendritic and eutectic structures in Sr-treated Al-Si 
casting alloys,” J. Mater. Sci., vol. 39, no. 1, pp. 215–224, 2004. 
14. P.Kaur, D.K.Dwivedi, P.M. Pathak and S.H. Rodrigue, “The effect of electromagnetic stirring and cerium addition on dry sliding reciprocating 
wear of hypereutectic aluminium–silicon alloy,” in Proceedings of the Institution of Mechanical Engineers, Part J: Journal of Engineering 
Tribology, 2012, pp. 251–258. 
15. C. Chen, Z.X. Liu, B. Ren, M.X. Wang, Y.G. Weng, and Z.Y. Liu, “Influences of complex modification of P and RE on microstructure and 
mechanical properties of hypereutectic Al-20Si alloy,” Trans. Nonferrous Met. Soc. China (English Ed., vol. 17, no. 2, pp. 301–306, 2007. 
16. J.Y. Chang, G.H. Kim, I.G. Moon, and C.S. Choi, “Rare earth concentration in the primary Si crystal in rare earth added Al-21wt.%Si alloy,” 
Scr. Mater., vol. 39, no. 3, pp. 307–314, 1998.  
17. A.S. Anasyida, A.R. Daud and M.J. Ghazali, “Wear behaviour of eutectic and hypoeutectic AlǦSiǦMgǦCe alloys", Industrial Lubrication and 
Tribology”, Industrial Lubrication and Tribology, Vol. 65 Iss: 2, pp.135 – 140, 2013. 
18. Y.Mustafa, A.Yahya, “The effect of aging heat treatment on the sliding wear behavior of CU-Al-Fe alloys”, Materials and Design, 30,pp 
878-884, 2009. 
19. T.M. Chandrashekharaiah, S.A.Kori, “Effect of grain refinement and modification on the dry sliding wear behavior of eutectic Al-Si alloys”, 
Tribology International, 42, pp 59-65, 2009. 
20. A. Hekmat-Ardakan, X.C.Liu, F.Ajersch, X.G.Chen, “Wear behavior of hypereutectic Al-Si-Cu-Mg casting alloys with variable Mg 
contents”, Wear, 269, pp 684-692, 2010.  
21. K.B.Shah, K.B., S.Kumar, and D.K.Dwivedi, “Aging temperature and abrasive wear behavior of cast Al-(4%, 12%, 20%)Si-0.3% Mg    
alloys”, Materials and Design, 28, pp 1968-1974, 2007. 
 
